Cases of holoprosencephaly which occurred in the west ofScotland over the past 20 years were ascertained from genetics, paediatric, and pathology department records. Fifty cases were identified of which 17 had an underlying cytogenetic abnormality. Of the remaining 33 cases, 26 were delivered after 28 weeks' gestation giving a birth prevalence of 1 in 26 730. Twenty-one babies were liveborn and nine children are currently alive. All survivors are profoundly mentally retarded and most have seizures. Twenty-eight patients with non-chromosomal holoprosencephaly had a total of 23 sibs and three families were identified where there was either recurrence of holoprosencephaly (one family), a related cerebral malformation (one family), or mental handicap (one family) giving an overall recurrence risk for serious neurological disability of 12% (standard error 7%). We conclude that holoprosencephaly does not necessarily breed true and this observation should be taken into account when giving genetic counselling and attempting ultrasound prenatal diagnosis after the birth of an affected child (JMed Genet 1996;33:578-584) 
Holoprosencephaly is a congenital malformation which encompasses a spectrum of abnormalities affecting the forebrain and midface. Its mildest form comprises orbital hypotelorism, a single central incisor, and arrhinencephaly (absence of the olfactory bulbs and tracts), whereas its most severe manifestation is the cyclops phenotype with complete failure of division of the embryonic forebrain into right and left cerebral hemispheres.' Estimates of the birth incidence of holoprosencephaly lie between 1:16002 and 1:53 3943 and a study from south-west England found incidences of 1:14 520 and 1:5200 in two consecutive three year periods.4 Most cases of holoprosencephaly occur sporadically and published reviews have suggested that approximately 50% of cases are associated with chromosome abnormalities, trisomy 13 being the commonest chromosomal cause. Nevertheless, sparse data are available on the frequency of holoprosencephaly associated with cytogenetic abnormalities compared with the frequency of non-chromosomal holoprosencephaly and a detailed population based, clinical genetic study of this cerebral malformation has not previously been reported. 6 Genetic counselling advice given to couples who have had one child affected by holoprosencephaly is complicated by the malformation's heterogeneity. Both autosomal recessive and autosomal dominant gene defects are reported but X linked holoprosencephaly is especially rare.7'-0 Dominantly inherited holoprosencephaly has variable expression and can be difficult to diagnose since only subtle signs, such as reduced head circumference or a single central incisor, may indicate the mildly affected parent of a severely affected child. Teratogenic factors or maternal illness, especially maternal insulin dependent diabetes mellitus, may also predispose to holoprosencephaly.1" Usually, genetic advice is empirical and often refers to an American study of 30 families with livebom, cytogenetically normal children affected by holoprosencephaly, who were assessed at the Indiana University Medical Center between 1957 and 1970. In this study, Roach et al2 derived a recurrence risk for holoprosencephaly of 6%, the figure which is quoted today by many clinical geneticists.
The present study aimed to identify all cases of holoprosencephaly which have occurred in the west of Scotland over a 20 year period, to assess the circumstances of the malformation's diagnosis, its frequency, and its clinical associations. We also sought to discover whether close relatives of an affected person were affected by cerebral malformation or neurological disability to help clarify genetic counselling implications following the birth of an affected fetus or infant.
Setting and methods The west of Scotland has an estimated population ofjust under 3 million. The area included in this study is that served by five regional health boards: Argyll and Clyde, Ayrshire and Arran, Forth Valley, Greater Glasgow, and Lanarkshire. Over 90% of paediatric deaths are referred to the Royal Hospital for Sick Children in Glasgow for necropsy; a small number of paediatric necropsies are also carried out in two of the other health board areas. The Glasgow pathology department currently obtains consent for necropsy for approximately 80% of all childhood deaths and fetal losses.
Patients (fetuses, infants, and children) were ascertained through examination of day books and records from local pathology departments and paediatric departments as well as the files of the regional paediatric neurology and genetic Table 2 shows the frequency of non-chromosomal holoprosencephaly for each health The overall sex ratio for non-chromosomal holoprosencephaly was 18 females: 15 males and within the alobar subtype of holoprosencephaly the ratio was 11 females:10 males. For cyclopia, the ratio was three females: two males.
PARENTS
The mean maternal age of 26-7 years (range 19-39 years) and mean paternal age of 27-4 years (range 20-36 years) were not significantly different from expected. Two sets of parents were Pakistani and first cousins, but no other parents were known to be consanguineous. One mother was a poorly controlled, insulin PREGNANCY OUTCOME AND PRENATAL DIAGNOSIS Twenty-one babies (64%) with non-chromosomal holoprosencephaly were liveborn at an average gestation of 37 weeks, one pregnancy was diagnosed as a missed abortion at 16 weeks' gestation, and a further three babies were stillborn at an average gestation of 32 weeks.
A total of eight pregnancies were prenatally diagnosed by ultrasound examination and none represented a sib recurrence. All eight pregnancies were terminated. Four of these cases had an associated neural tube defect and it was the latter malformation rather than holoprosencephaly which was detected by ultrasound scanning. Two cases were terminated because of the antenatal detection of hydrocephalus and in these cases holoprosencephaly was only diagnosed at necropsy. In the remaining two cases, holoprosencephaly was diagnosed prenatally at the Regional Fetal Medicine Centre, one case having been referred from another obstetric unit at 25 weeks' gestation on account of ultrasonographically diagnosed growth retardation, the second case being diagnosed at 32 weeks' gestation when the mother presented with abdominal pain. One liveborn male infant, who had an unaffected female co-twin, was also diagnosed at 28 weeks' gestation and this pregnancy continued to term. A further liveborn child was noted to have a posterior fossa malformation at 30 weeks' gestation and postnatal cranial ultrasound examination showed semilobar holoprosencephaly in addition. Thus, accurate ultrasound prenatal diagnosis of the cerebral malformation was accomplished in only three of 33 cases (9%) with holoprosencephaly.
AFFECTED SIB PAIRS AND RECURRENCE RISK
Information regarding sibs was available for 28 families. In one family two sibs had holoprosencephaly and in two families one sib had holoprosencephaly while a second sib had another cerebral malformation. These three families are discussed in more detail.
The parents of case 11 ( fig 1) are both Scottish and non-consanguineous. The first born affected child died at the age of 3 days and necropsy showed an abnormality of the cerebellar vermis in addition to holoprosencephaly. His parents subsequently had a healthy daughter but their third child, also a male, was noted from birth to have episodic tachypnoea without other clinical features of Joubert syndrome. Neuroimaging studies indicated that he had cerebellar hypoplasia and a neuronal migration disorder. On clinical examination there was an impression of mild hypotelorism (not confirmed by measurement) and midface hypoplasia (fig 2) . He died at the age of 10 months and necropsy confirmed disturbed neuronal migration and cerebellar hypoplasia with underdevelopment of the cerebellar vermis. There was no abnormality of the forebrain. The proband with holoprosencephaly also had a structurally abnormal cerebellum and these male sibs were presumed to have genetically related cerebral malformations.
Case 14 (fig 3) , identified through pathology department records, was the stillborn son of a
Pakistani couple who were also first cousins. When the mother's obstetric case notes were examined, we realised that his older sister had previously been referred to the genetic clinic because of her dysmorphic appearance and mild-moderate mental retardation. No diagnosis was made and cranial CT scan was normal. Clinical review of the older sister revealed hypotelorism, midface hypoplasia, a broad nose, and a single central incisor with an intact sense of smell (fig 4) . Both parents have normal teeth, head circumferences, and normal facial appearances. Although we cannot be certain, the facial appearance of the handicapped sib suggests she has microscopic cerebral dysgenesis that is genetically related to holoprosencephaly which affected her stillborn brother. Case 31 (fig 5) is the child of Scottish, nonconsanguineous parents. At the age of 3 months she was referred to our clinic with microcephaly and holoprosencephaly. Her mother told us that her previous pregnancy had been terminated at 25 weeks' gestation after diagnosis of hydrocephalus by ultrasound scanning. We obtained a copy of the necropsy report for this fetus (case 26, fig 6) patients with trisomy 13 had holoprosencephaly. However, not all cases of trisomy 13 will have been ascertained from necropsy records. Therefore, we also examined the regional cytogenetic register and discovered a total of 78 cases of trisomy 13 In 1985 Chervenak et al'5 reported ultrasound prenatal diagnosis of alobar holoprosencephaly and in our series, which extended from 1975 to 1994, only three cases with alobar holoprosencephaly were diagnosed by prenatal scans at Regional Fetal Medicine Centres. Unfortunately we could not establish the number of times an affected fetus was subject to detailed ultrasound examination and holoprosencephaly was missed. Certainly, in the three families where there was recurrence of holoprosencephaly or a related cerebral malformation, each fetus underwent detailed ultrasound examination at the local hospital. However, there were reasons for missing the recurrence in each case: in the first the affected sib had cerebellar vermis aplasia, which is probably more difficult to detect; in the second family, although the ultrasonographer was aware that there was a sib with mental handicap and malar hypoplasia, it was not recognised that this could be related to holoprosencephaly; in the third family, recurrence of holoprosencephaly was missed, but perhaps the contributory factor was mistaken diagnosis of hydrocephalus in the proband. Finally, in respect of prenatal diagnosis, it is notable that six cases (20%) with non-chromosomal holoprosencephaly had a posterior fossa abnormality, and also that cerebellar vermis aplasia was the major intracranial sign of recurrence in one family. We therefore suggest that when detailed ultrasonographic evaluation ofthe fetus is indicated on account ofa previous family history of holoprosencephaly, special attention is paid to the fetal posterior fossa and the significance of any abnormality therein is carefully considered, even in the presence of normal hemispheric division. We would also suggest that the ultrasonographic evaluation is carried out at the most experienced centre available.
